1. Introduction {#sec0005}
===============

COVID-19, an acronym for "coronavirus disease of 2019," is a disease caused by the pathogen "severe acute respiratory syndrome coronavirus 2" (SARS-CoV-2) \[[@bib0005]\]. This illness can have neurologic manifestations including stroke, impaired consciousness, skeletal muscle injury, anosmia or dysgeusia, headache, dizziness, and seizures \[[@bib0010]\].

Patients with COVID-19 infection can have clinical seizures and nonconvulsive seizures without overt motor symptoms causing altered mentation. Due to the risk of exposure to electroencephalography (EEG) technicians, conventional EEG monitoring is typically reserved for situations where the suspicion for seizures is high. An alternative is Ceribell™ rapid response EEG (rapid-EEG) (Ceribell Inc., Mountain View, CA, USA), which can be quickly applied by healthcare personnel without prior EEG technology training. Its use enables screening for seizures in high-risk patients \[[@bib0015]\] and reduces the risk of exposure to healthcare personnel.

Data on EEG findings of patients with COVID-19 still remain scarce. In a recent case series, epileptiform discharges were seen in 40.9% of COVID-19 positive patients with frontal sharp waves as the predominant pattern \[[@bib0020]\]. Several other case studies showed that patients can have diffuse slowing, bifrontal discharges, or generalized periodic discharges \[[@bib0025],[@bib0030]\]. There were rare reports of status epilepticus confirmed on EEG recordings \[[@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055]\].

In our case series, we report the findings of five critically ill patients with COVID-19 infection who underwent EEG monitoring.

2. Methods {#sec0010}
==========

In this retrospective case series, we identified 5 adult patients admitted either at Stanford Hospital or Stanford ValleyCare Hospital between June 1st and July 4th, 2020 who were critically ill from COVID-19 infection and underwent EEG monitoring. Informed consent was obtained from the patients' family. They were all in the intensive care unit (ICU), requiring intubation and compassionate use remdesivir. The patients were diagnosed with COVID‐19 by SARS-CoV-2 RNA detection from nasopharyngeal swab testing using FDA-approved assays. They all had nonlesional head computed tomography (CT) except for one patient. EEGs were typically ordered for mental status changes or seizure-like activity. All patients had rapid-EEG initially and two subsequently transitioned to conventional long-term video EEG monitoring.

Rapid-EEG recordings used a 10-electrode (8-channel) system, consisting of Fp1, Fp2, F7, F8, T3, T4, T5, T6, O1, and O2, and read in a reduced double banana montage. Sampling rate was 250 Hz and high and low pass filters were 1 Hz and 70 Hz respectively. Conventional continuous video EEG was acquired with a digital EEG machine (Neurofax EEG-1200, Nihon Kohden Co., Tokyo, Japan) and included 24 channels with the international 10--20 system for electrode placements and an EKG lead. Sampling rate was 500 Hz, with a time constant of 0.1 s (high pass filter of ∼1.59 Hz) and low pass filter of 70 Hz. The gain was set at 50 μV for rapid-EEG and 7 μV for conventional EEG, with a notch filter of 60 Hz. Rapid-EEG was placed by nursing staff and conventional EEG was applied by EEG technicians. All EEG recordings were reviewed by an epilepsy fellow and a supervising board-certified epileptologist.

3. Results {#sec0015}
==========

3.1. Patient 1 {#sec0020}
--------------

A 37-year-old female with multiple comorbidities including end-stage renal disease on dialysis presented with 1 week of diarrhea. Initial COVID-19 testing was negative but repeat testing one day later was positive. She was intubated and sedated on midazolam infusion. Two days later, she had increased oxygen requirements, worsening mental status, and full body jerking movements. Rapid-EEG showed continuous spike and slow wave discharges that appeared bifrontal predominant at up to 3 Hz associated with myoclonic movements, consistent with status epilepticus ([Fig. 1](#fig0005){ref-type="fig"} A-a). She was loaded with levetiracetam and later phenytoin and started on maintenance levetiracetam and phenytoin. Her myoclonic movements resolved and her EEG concurrently showed less frequent discharges. Given ongoing encephalopathy, she had two lumbar punctures (LP) performed which were unremarkable. She later also had conventional continuous EEG, which showed diffuse slowing with intermittent generalized rhythmic delta activity (GRDA) and occasional generalized periodic discharges (GPDs) at 0.5−1 Hz ([Fig. 1](#fig0005){ref-type="fig"}A-b). Discharges slowly improved the course of the recordings, as well as her mental status.Fig. 1EEG recordings in the 5 patients with COVID-19 infection viewed in 10 s epochs. Rapid-EEG recordings are in a limited double banana montage viewed at a sensitivity of 50 μV, with the top 4 channels representing the left hemisphere and the bottom 4 channels representing the right hemisphere. Conventional EEG recordings are in double banana montage viewed at a sensitivity of 7 μV.(A) a. Initial rapid-EEG on the first patient showing 2−3 Hz bifrontal predominant spike and wave discharges.b. Conventional EEG showing improvement after starting on anti-seizure medications, with generalized rhythmic delta activity (GRDA) and occasional generalized periodic discharges (GPDs) at mostly 0.5−1 Hz.(B) Rapid-EEG on the second patient showing GPDs reaching 2−3 Hz at times.(C) Rapid-EEG on the third patient showing moderate-severe diffuse slowing and GRDA.(D) a. Initial rapid-EEG on the fourth patient showing severe diffuse slowing.b. Conventional EEG performed later showing moderate-severe diffuse slowing and GRDA.(E) Rapid-EEG on the fifth patient showing moderate diffuse slowing and GRDA.Fig. 1

3.2. Patient 2 {#sec0025}
--------------

A 60-year-old female with hypertension presented with progressive shortness of breath, myalgias, diarrhea, and chest and abdominal pain for 1 week. She was found to have COVID-19 and subsequently intubated and sedated with midazolam. Rapid-EEG was ordered for encephalopathy, which showed abundant 1 Hz GPDs with occasional bursts at 2−3 Hz ([Fig. 1](#fig0005){ref-type="fig"}B), concerning for nonconvulsive status epilepticus. Around the time of the EEG recording, she also had hypernatremia, a left peroneal deep vein thrombosis, bleeding from a chest wall hematoma, and left apical pneumothorax. An LP was not performed for encephalopathy. She was started on levetiracetam with improvement in her discharges and mentation and later recordings showing moderate diffuse slowing and GRDA.

3.3. Patient 3 {#sec0030}
--------------

A 50-year-old male without significant medical history was brought in for 1 day of shortness of breath and myalgias and found to be COVID-19 positive. He also had an episode of whole body shaking prior to arrival. He was intubated and sedated on propofol. LP performed was unremarkable. He was loaded with levetiracetam and started on maintenance therapy. Rapid-EEG was placed and showed moderate to severe diffuse slowing and intermittent GRDA ([Fig. 1](#fig0005){ref-type="fig"}C).

3.4. Patient 4 {#sec0035}
--------------

A 38-year-old female with complex comorbidities including orthotopic heart transplant and heterotopic kidney transplant, pulmonary hypertension, diabetes, and chronic congestive hepatopathy was brought in after being found down by family with seizure-like movements. Initial COVID-19 testing in the emergency room was negative but was later positive when retested a few days later due to worsening encephalopathy and fevers. She was intubated and sedated on propofol. Patient was connected to rapid-EEG and started on levetiracetam. EEG showed mostly severe diffuse slowing with a low amplitude background ([Fig. 1](#fig0005){ref-type="fig"}D-a). There were no epileptiform discharges or seizures. Due to ongoing encephalopathy and the desire for prolonged EEG recording, rapid-EEG was converted to conventional EEG, which showed moderate-severe diffuse slowing with intermittent GRDA ([Fig. 1](#fig0005){ref-type="fig"}D-b). She also had an LP, which was unremarkable.

3.5. Patient 5 {#sec0040}
--------------

A 40-year-old male with atrial fibrillation, hypertension, and diabetes with multiple vascular complications including chronic kidney disease presented with fevers, generalized weakness, nausea, and vomiting. He was found to have COVID-19 infection and in hypoxic respiratory failure. He was subsequently intubated and sedated on dexmedetomidine. LP was unremarkable. CT head showed multifocal hypodensities, which were suspected to be small subacute-chronic strokes due to atrial fibrillation. These lesions would not explain his acute encephalopathy, so he received rapid-EEG which showed moderate diffuse slowing and GRDA ([Fig. 1](#fig0005){ref-type="fig"}E).

4. Discussion {#sec0045}
=============

We describe five critically ill patients with COVID-19 who underwent EEG monitoring due to altered mentation or seizure-like movements. The EEGs in all the patients showed some degree of diffuse slowing and GRDA, both nonspecific markers of encephalopathy. Two patients also had epileptiform discharges that reached \>2.5 Hz, meeting criteria for status epilepticus \[[@bib0060]\]. One patient had myoclonic movements correlating with the discharges. The discharges improved in both patients with the administration of anti-seizure medications; the patient with myoclonic activity also had resolution of her movements.

Like prior reports, this case series demonstrates that EEG abnormalities in COVID-19 positive patients consist of nonspecific indicators of encephalopathy and epileptiform activity including bifrontal predominant and generalized discharges. However, a limited montage EEG was used in most patients and might not be able to detect focal findings in the parasagittal region.

In our cohort, we also found that 2 out of 5 patients had ictal patterns on their EEGs meeting criteria for status epilepticus initially. These patterns and their clinical symptoms subsequently improved with anti-seizure medications. This case series demonstrates that there is potentially a pathogenic role of COVID-19 infection in triggering de novo seizures and status epilepticus in patients, highlighting the importance of EEG monitoring in patients with altered mentation or seizure-like activity. EEG recordings in such patients can identify pathological patterns that will benefit from treatment with anti-seizure medications. However, the patients in our cohort were all critically ill and most had underlying chronic medical problems including chronic kidney disease, making them more susceptible to nonspecific EEG abnormalities as well as status epilepticus. Patient 2 also had multiple complications during her ICU stay, further increasing her risk of seizures. The clinical benefit and risk of exposure from EEG evaluation need to be considered. Rapid-EEG may be a more efficient way of screening patients for seizures and status epilepticus and limit the risk of exposure. Further studies elucidating the epileptogenesis of COVID-19 infection are needed.
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